Abstract. Circular pipes are widely used to convey goods to a desired location. Flow inside a pipe needs to be smoothed and unobstructed to ensure an optimize flow of particle. However, pipes are prone to clogging or blocking due to deposition of unwanted impurities and external objects. Built up inside a circular pipe will affect the flow velocity and pressure within the pipe. This paper presents a method of assessing blockage inside a pipe by using vibration analysis. The effect of blockage was observed through changes in pipe vibration response and also turbulence intensity. The changes in vibration parameters were identified together with the reduction of flow area due to increasing blockage size.
Introduction
Pipe is the most widely applied medium for fluid transportation. It can be found in sewer systems, food industries, automotive industries and other applications. There are many types of pipe available around. Clear Polyvinyl Chloride (PVC) pipe is one of the commonly used pipes due to its promising properties. PVC pipe is durable, strong and does not react with chemicals. Clear PVC pipe is transparent where the flow and the object movement inside the pipe can be observed.
It is important to be able to convey goods from a host point to a required location without any disturbance to ensure optimum operation and minimum power and time consumptions. Blockage can be troublesome if not taken care efficiently. Therefore, an early detection is important to maintain a stable long period of operation. Various studies have been conducted to diagnose blockage occurrences in wide applications. In parallelized microreactor application for example, Tanaka et al. [1] developed a system to sense blockage by applying flow sensors. Lile et al. [2] utilized vibration analysis to distinguish the occurrences of different blockage levels inside a circular carbon steel pipe. The blockage was deposited on the inner surface of the pipe to observe the flow and vibration patterns along the pipe.
There are many ways of unwanted particles depositing on the pipe surface. These particles will gradually build up around the inner pipe perimeter resulting in reduction of flow area. In sewer pipes, blockage and clogging can be likely caused by the interruption of tree and shrub species [3] . Apart from that, Sampson and Gibson [4] analyzed the possibility of blockage due to freezing when hot fluid flows through a subfreezing pipe. In metal working industry for example, hot liquid metal flowing inside a cooler pipe may solidifies and creates unwanted blockage.
Clogging detection can be performed in various ways. The simplest method of blockage identification is through periodical maintenance and observation. Through these methods people are aware of pipe fault when unusual operation arises during a process. However the clogging detection may be too late and this could cause major setbacks such as pipe rupture and failure. The maintenance cost and time at this point will be much larger compared if blockage can be detected earlier. Therefore, this study presents a non-destructive method to identify the occurrences of different blockage sizes in pipe by utilizing vibration analysis. By applying this method, it is hope that blockage could be identified as early as possible.
Methodology
The analyses of simulation and experimentation were conducted to observe the effect of blockage towards the flow and vibration parameters. Transparent pipes made of PVC with diameter of 25 mm and length of 1000 mm were prepared for the analysis. To create a flow blocking situation, hollow type cylindrical rods were embedded around the perimeter of the pipes with different rod sizes. These uniform blockages were constructed from carbon steel cylindrical rods. Fig. 1 shows the experimental setup for blockage analysis.
Fig. 1: Experimental Setup
There are a total of six specimens prepared including one clean pipe (no blockage). The other five pipes were surrounded with different blockage sizes. The details of the specimens are listed in Table 1 . The circular pipe was positioned horizontally and water was allowed to flow with a volumetric flow rate of 3.33 x10 -4 m 3 /s. To examine the vibration patterns along the pipe, accelerometers with reference sensitivity of 10.0 mV/g were mounted at three different locations. The locations were 200 mm before blockage (Section A), on blockage present (Section B) and 200 mm after blockage (Section C). Vibration and flow responds were observed along the pipe. The sensors were connected to data acquisition system (PC Oscilloscope) to generate the output.
Result and Discussion
Accelerometers were located at three different locations to obtain the characteristics of vibration signal before, during and after the blockage existences. Water was supplied towards the pipe inlet. The root mean square (RMS) of the vibration acceleration response for transparent PVC pipe is plotted in Fig. 2 .
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Fig. 2: RMS vibration acceleration for PVC clear pipe
From Fig. 2 it can be seen that vibration parameter responds with blockage size and blockage location. At the upstream area (Section A), the flow is still considered laminar. Water flowed without any disturbance since this area was not affected by blockage. The vibration response shows no major change for flow before blockage.
However, as the flow reaches the blockage in Section B, the vibration response reacts differently with flow area. During the occurrences of blockage, as the flow area reduces, the vibration response is smaller compared to the results obtained at Section A and C due to blockage thickness. As the blockage thickness gets larger, the vibration response being captured is less. In Section B, the vibration response reduces as the blockage size becomes larger.
As water flow passes the blockage area, the pipe vibration rises showing that the pipe is vibrating more at the section after the blockage. The response increases after the fluid flows through the small hole of blockage. This signal is the highest compared to other sections. In studies of blockage in circular pipe [2] , [5] , when flow passes through a smaller area due to blockage located on the bottom surface of a horizontal pipe, the RMS of vibration acceleration response increases as the blockage thickness gets larger.
Apart from the flow section observation, blockage sizes show an important role in effecting fluid flow inside the pipe. Sudden change of flow area will creates fluctuating fluid velocity and pressure inside the pipe. The fluctuating parameters affect the pipe vibration. As for this study where the blockage is formed around the perimeter of the pipe, vibration increases as the flow area gets smaller (Section C). Therefore, bigger blockage deposited inside a pipe will create more pipe vibration. Based on a study of orifice-induced wall pressure fluctuations and pipe vibrations [6] , it was found that orifice with smaller hole will produces greater vibration of pipe compare to others.
An analysis was conducted to observe the behaviour of fluid when flowing through a circular pipe with sudden changes in the flow area. Fig. 3 depicts the plot of turbulence intensity inside a pipe due to different blockage sizes. From the graph, the percentage of turbulence intensity started to change after 0.6 m of pipe length which is the section after the blockage. There is a minimum turbulence produced when water flowing before blockage. The turbulence intensity increases as the flow area reduces. The highest turbulence was recoded for 90% of blockage size. The sudden change in diameter of pipe due to blockage generates turbulence eddies since the fluid changes from the blockage (smaller diameter) was unable to follow the deviation of the boundary. 
Summary
When fluid flow through a blockage, the flow parameters change due to the restriction area and sudden enlargement in diameter. These will cause fluid velocity and pressure inside the circular pipe to change. By utilizing vibration analysis, the RMS vibration acceleration responses were analysed to observe the effect of blockage towards the vibrating pipe. It can be seen that the area after the blockage (200 mm after blockage) possess greater vibration compared to other part of pipe. Larger blockage will reduce the flow area and hence generate more pipe vibration.
